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/>-BORONOPHENYLALANINE COMPLEXES WTm FRUCTOSE AND RELATED CARBOHYDRATES AND POLYOLS 

FIELD OF THE INVENTION 

The present invention relates to the preparation of salt-free or essentially salt- 
free ^-boronophenylalanine complexes with enhanced solubility. 

BACKGROUND OF THE INVENTION 

Neutron capture therapy (NCT), first postulated by Locher in 1936 (Locher 
Am. J. Roenten. Rad. Ther. 36: 1-13 [1936]) and Sweet (Javid et al., 1 Clin Invest 
31: 603 [1952]); Sweet et al, N. Engl. J. Med. 245: 875 [1951]), is a binary system 
for treating tumors in which a chemical agent and thermal or isothermal neutrons are 
du-ected to a tumor where they combine to release a lethal dose of radiation to the cell 
A commonly used chemical agent usually includes at least one »>B atom although 
other compounds (Le., '»Gd) have also been investigated (Shi et al., Med. Phys. 19- 
733 [1992]; Miller and Horton, in Advances in Neutron Capture Therapy, Vol II, 
Larsson et al., eds., Elsevier Science B. V., PP . 545-546 [1997]). The neutron source 
•s typed* generated by a nuclear reactor, accelerator or generator, although other 
sources (/.*., - C f) have been explored (See e.g., Maruyama et al, Int. J. Kadiat 
Oncol. Biol. Phys. 11: 1475 [1985]; Shpikalov et al, Nucl. Sci. Appl. 4: 419 [1991]- 
Lorvidhaya et al., in Advances in Neutron Capture Therapy, vol II, page 540, Larsson 
et al., eds., Elsevier Science B. V. [1997]; Miller et al., in Advances in Neutron 
Capture Therapy, vol. II, pp. 545-546, Larsson et al, eds., Elsevier Science B.V. 
[1997]; Barth et al, Cancer Res. 50: 1061-1070 [1990]; Allen et al., in Advances in 
Neutron Capture Therapy, vol. I, pp. 271-274, Larsson et al., eds., Elsevier Science 
B.V. [1997]). 

Boron neutron capture therapy (BNCT) is a form of radiochemotherapy that is 
becoming increasingly important for the treatment of malignant gliomas, malignant 
melanomas and other forms of cancer. BNCT involves administration of a boron 
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compound ( ,C B) followed by neutron irradiation of the tumor cells or organ. The 
boron captures a neutron (nj, which results in the release of ionizing helium and 
lithium ions that are highly damaging and usually lethal to the host cell (Kobayashi et 
al, Radiation Res. 91: 77-94 [1982]; Garth et al, Radiation Res. Ill: 14-25 [1987]). 
5 For BNCT to be successful, a large number of ,0 B atoms must be localized on or 
preferably within the target cells, and a sufficient number of thermal neutrons must 
reach and be absorbed by the 10 B atoms to sustain a lethal reaction. 

Targeted delivery of boron to tumors is a critical prerequisite for successful 
BNCT. Thus, the development of tumor-localizing boron compounds continues to be 
10 of interest to researchers in this field. (See e.g., Saris et al, Cancer Res. 52: 4672- 
4677 [1992]; Mehta and Lu, Pharm Res. 13:344-351 [1996]; Barth et al, Cancer 
Invest. 14: 534-550 [1996]; Chadha et al, Int. J. Radiat. Oncol Biol Phys. 40: 829- 
834 [1998]; Fairchild et al, Int. J. Radiation Oncology Biol Phys. 11: 831-840 
[1985]). 

15 p-Boronophenylalanine (p-BPA) was initially proposed as a boron delivery drug 

for BNCT of malignant melanoma because it was postulated that this amino acid 
would selectively accumulate in melanoma cells by mimicking phenylalanine, an 
amino acid precursor of melanin. p-Boronophenylalanine has been shown to be 
selectively taken up by melanoma cells (See e.g., Packer et al, Invest Ophthalmol Vis. 
20 Sci. 33: 395-403 [1992]; Coderre et al., Cancer Res. 47: 6377-6383 [1987]). 

Intravenous infusion of p-BPA was a possible route for delivering p-BPA to tumor 
cells but was not widely used because p-BPA exhibits poor water solubility at 
physiological pH (7.4). (See e.g., U.S. Patent No. 5,492,900 to LaHaan; LaHaan et 
al in Advances in Neutron Therapy, pp. 513-517, Soloway et al, eds., Plenum Press, 
25 New York [1993]). p-Boronophenylalanine has a solubility of 1.6g/L in water, which 
is insufficient for medical uses (Mori et al, Pig. Cell Res. 2: 273-277 [1989]). 

Hydrochloric acid salts of p-BPA have been used to increase p-BPA solubility 
(See eg Ichihashi et al, J. Invest. Dermatol. 78: 215 [1982]; Yoshino et al, Proc. 
2nd International Symp. on Neutron Capture Therapy, p. 291 [1986]). However, the 
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aoidi* tap^, by hydrochlonc ^ ^ of ^ pA ^ a 0.1 M sotaion is reported 
to have . pH value o, approximate* 1 ,,, w pai „ , 0 pa Sents injected ^ ^ 
aolohoo of .his acidic (Mod a, a/., ^ y oshino . Strantenlhen « f 65 . 

of ;?-BPA at physiological pH. 

One method for i„ creasing „ BPA Blubiljty „ ^ ^ rf ^ ^ 
Com, to formata of ^ ^ „„„„ _ ^ ^ ^ ^ 

po yo s has ^ ^ for ^ ^ (&e ^ my . h a ^ } o ^ ^ ^ 

[19541; Lnrand a, < y a, Cto , 24: 76? „„,,,. 

^ 40: 299-309 [197 5J; vm Dllfa „ ^ ^ 

Duo, e, rf. Ita**. 41: 34,1-342, [1985]; Shinkai « a,., J. Cnen,. So,', Cnen, 
ft—, pp. ,039-,04, [,99,]; V«rch.« a, oi , fc ' 

Kondo a, a/., 4S: 8239-8252 [,992]; Shiomi „ ai , j. ^ 

Trans., pp. 2„,.2„7 [,993]; Tsuhagoshi aa L.J. Org. Cnen,. 56: 4O81M09, [,99,]- 
James e, a,., Ange*. Cnen, In,. Ed. Engl 35: 1910-1922 [1996]; Wood e, of. 

oT™,t, 36: 247-256 [I974I: James • * * a ™- *«• *- ^ • 

PP. 472-478 [,994]; Kinoshiu « „ ^ ,, ^ 

^ PP ' 2 " 3 - 246 ' *"« « < Pi™™ Press, New York [,992]) The 
sohahihty effects of monosaccharides and P „,yo, s a„ow for more efflcien, taravcnous 

use ofp-BPA (ft, Mori „ < w U.S. Patent 5,492,900, supra; Honda « of 
- Progress in ^„ ^ ^ e< - 

Pas- 42, [,992]; Mishima „ „ ^ „ ^ ^ ^ 
Allen a, a,, (eds.), Plenum Press, page 577 [,992], MahUka e, a,.. Cancer Re, 53- ' 
3308 [,993],. For examp,,, sosdies have shown that systemic adminishadon of p. 

C ° n "" eX '— ~ *■ "» ** <° = murine mehumm. nrodol <Coderte 
et at., In, J. Radiation Oncology Biol. Phys. 30: 643-652 (I994J). 

Further, p-BPA exisK in different forms a, different pH values, and 
complexing of ,-BPA wim monoaacoharides is a P H dependent process. ^ m 
amd.es have repodod a method of aolubitog p-BPA a, neutral pH nsmg teose, ,o 
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yield a p-BPA-fructose complex (See, Mori et ai, supra; U.S. Patent No. 5,492,900, 
supra). These methods involve mixing equimolar amounts of p-BPA and fructose m 
water increasing the pH to about 10 to dissolve all solids, and subsequent pH 
adjusunent to 7.4 using a concentrated acid (i.e., hydrochloric acid). However, the 
current methods produce roughly one equivalent of NaCl (depending on how lugh the 
pH is raised), thus greatly exceeding its iso-osmotic point with blood and may be 
partially responsible for the toxicity observed when administered intravenously 
(LaHann et ai, in Advances in Neutron Capture Therapy, Soloway et ai, eds. Plenum 
Press page 513 [1993]). Additionally, the solution must be used within two days of 
its preparation and requires a trained technician working with concentrated solutions of 
HQ and NaOH in an aseptic laboratory environment in close proximity to the 
treatment area. 

Thus, it is desirable to find methods of making p-BPA complexes that are free 
of NaCl salts. Additionally, by understanding the chemical nature of the complex of 
p -BPA with fructose, other new complexes may be discovered. It is also durable to 
find new p-BPA complexes that can be stored for a long time, and that eliminate the 
need for working with concentrated acids and bases. 

SUMMARY OF THE INVENTION 

The present invention relates to salt-free and essentially salt-free p- 
boronophenylalanine-carbohydrate complexes and p-boronophenylalanine-polyol 
complexes, and methods of making such compounds, both as solutions and sohds. The 
present invention also relates to methods of substantially solubilizing freeze-dned p- 
boronophenylalanine-carbohydrate and p-boronophenylalanine-polyol complexes. 

In preferred embodiments, the present invention relates to L-p- 
boronophenylalanine-carbohydrate or polyol complexes. In other preferred 
embodiments, the present invention relates to racemic ( D ,L)-p-boronophenylalanme- 
carbohydrate or polyol complexes. 
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The present invention relates to methods of making an essentially salt-free or 
salt-free (p-boronophenylalanin^-carbohydrate complex, comprising the steps of a) 
proving: i) /.boronophenylalanine, ii) water, iii) a carbohydrate, iv) a base and v) an 
•on-exchange media; b) mixing p-boronophenyialanine, water, carbohydrate and base 
to produce a basic solution such that ^-boronophenylalanine and the carbohydrate are 
solumhzed therein; c) adding ion-exchange media to the basic solution comprising p. 
boronophenylalanine and the carbohydrate, thereby adjusting the pH to the range of 
between about 7.3 and 7.5, to produce a mixture at physiological pH; and d) removing 
the um-exchange media from the mixture to produce a salt-free or essentially salt-free 
(p-boronophenylalanine)-carbohydrate complex in solution. 

In some embodiments, the method of the present invention further comprises 
the step of: f) freeze-drying the salt-free or essentially salt-free (p. 
boronophenylalaninO-carbohydrate complex in solution, to produce a freeze-dried salt- 
free or essentially salt-free 0-borono p henylalanine)-carbohydrate complex. 

In one embodiment, the ion-exchange media is removed by filtration In 
another embodiment, the ion-exchange media is removed by decanting. 

In preferred embodiments, ^boronophenylalanine is selected from the group 
conststmg of racemic (D,L)-^boronophenylalanine and L-p-boronophenylalaaine. 

In one embodiment, ion-exchange media is removed by filtration. In other 
embodiments, ion-exchange media is removed by decanting. In preferred 
embodiments, the ion-exchange media is an ion-exchange resin. In particular 
embodiments, the ion-exchange resin is Dowex 50WX4-50 ion-exchange resin. 

In some embodiments, the molar ratio of p-boronophenylalanine to 
carbohydrate is approximately 1:1.1. to alternative embodiments, the molar ratio of p. 
boronophenylalanine to carbohydrate is 1 equivalent and an excess of up to 8 
equivalents of carbohydrate. 

In preferred embodiments, p-boronophenylalanine, water, carbohydrate and base 
are nuxed to produce a basic solution having a pH of between about 8 and 10. Bases 
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with physiologically acceptable counter-ions are used in preferred embodiments, which 
include, but are not limited to NaOH, KOH, Ca(OH) 2 , and Mg(OH) 2 . 

Carbohydrates complexed to p-boronophenylalanine include, but are not limited 
to monosaccharides and disaccharides. In some embodiments, the monosaccharides is 
selected from the group consisting of fructose, sorbose, ribose, galactose, glucose, 
mannose, 2-deoxygalactose and 2-deoxyglucose. In alternative embodiments, the 
disaccharides is selected from the group consisting of maltulose, lactulose, palatinose, 

leucrose, turanose, lactose and maltose. 

The present invention relates to methods of making an essentially salt-free or 
salt-free (p-boronophenylalanine)-polyol complex, comprising the steps of: a) 
providing: i) p-boronophenylalanine, ii) water, iii) a polyol, iv) a base, and v) an ion- 
exchange media; b) mixing p-boronophenylalanine, water, polyol and base to produce 
a basic solution such that p-boronophenylalanine and the polyol are solubilized therein; 
c) adding ion-exchange media to the basic solution comprising p-boronophenylalanine 
and the polyol, thereby adjusting the pH to the range of between about 7.3 and 7.5, to 
produce a mixture at physiological pH; and d) removing the ion-exchange media from 
the mixture to produce an essentially salt-free or salt-free (p-boronophenylalanine)- 

polyol complex in solution. 

In some embodiments, the method of the present invention further comprises 

the step of: f) freeze-drying the essentially salt-free or salt-free (p- 
boronophenylalanine)-polyol complex in solution, to produce a freeze-dried essentially 
salt-free or salt-free (p-boronophenylalanine)-polyol complex. 

In one embodiment, the ion-exchange media is removed by filtration. In 
another embodiment, the ion-exchange media is removed by decanting. 

In preferred embodiments, p-boronophenylalanine is selected from the group 
consisting of racemic (D,L)-p-boronophenylalanine and L-p-boronophenylalanine. 

In one embodiment, ion-exchange media is removed by filtration. In other 
embodiments, ion-exchange media is removed by decanting. In preferred 
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embodiments, the ion-exchange media is an ion-exchange resin. In particular 
embodiments, the ion-exchange resin is Dowex 50WX4-50 ion-exchange resin 

In some embodiments, the molar ratio of ,-boronopheny.alanine to polyol is 
approximately 1:1.1. fa altemative em bodiments, the molar ratio of> 

boronophenylalanine to polyol is 1 equivalent and an excess of up to 8 equivalents of 
polyol. 

In preferred embodiments, p-boronophenyialanine, water, polyol and base are 
mixed to produce a basic solution having a P H of between about 8 and 10. Bases with 
Physiologically acceptable counter-ions are used in preferred embodiments, which 
mclude, but are not limited to NaOH, KOH, CaCOH),, and Mg(OH) 2 

Polyols compiexed to ^boronophenylalanine include, but are not limited to 
sorbitol, mannitol, dulcitol, xylitol, adonitol and threitol. 

The present invention relates to compositions comprising an essentially salt-free 
or salt-free (,-boronophenyla,anine)-carbohydrate complex. Carbohydrates compiexed 
to ^-boronophenylalanine include, but are not limited to monosaccharides 
^saccharides, fructose, sorbose, ribose, galactose, glucose, mannose, 2-deoxygalactose, 
2-deoxyglucose, maltulose, lactulose, palatinose, leucrose, turanose, lactose and 

maltose. In preferred embodiments, the salt-free (P-boronophenylalanineHarbohydrate 
complex is in solution. 

In other preferred embodiments, the essentially salt-free or salt-free (p- 
boronophenylalaninO-carbohydrate complex is freeze-dried. Freeze-dried salt-free »- 
boronophenylalanine-carbohydrate complexes include, but are not limited to L-p- 
boronophenylalanine-D-fructose complex, L-^boronophenylala.ine-D-sorbose complex 
L^-boronophenylalanine-D-maltulose complex, L-p-boronophenylalanine-D-«actulose ' 

complex, and L-^-boronophenylalanine-D-palatinose complex. 

The present invention also relates to compositions comprising an essentially 

salt-free or salt-free (p-boronophenylalanine)-polyo. complex. Polyols compiexed to p. 

boronophenylalanine, include bu, are not limited to sorbitol, mannitol, dulcitol, xylitol 

adomtol and threitol. In preferred embodiments, the essentially salt-free or salt-free ' 
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(p-boronophenylalanine)-polyol complex is in solution. In other preferred 
embodiments, the essentially salt-free or salt-free (p-boronophenylalanine)-polyol 
complex is freeze-dried. Freeze-dried essentially salt-free or salt-free p- 
boronophenylalanine-polyol complexes include, but are not limited to if 
5 boronophenyialanine-D-sorbitol complex, L -p-boronophenylalanine-D-manmtol 

complex, L -p-borono P henylalanine-dulcitol complex, and L-p-boronophenylalamne- 

xylitoi complex. 

Furthermore, the present invention relates to methods of substantially 
solubilizing freeze-dried essentially salt-free or salt-free (L-p-boronophenylalamne)- 
0 carbohydrate or polyol complexes, comprising the steps of: a) providing, in any order: 
i) a freeze-dried salt-free ( L -p-boronophenylalanine).carbohydrate or polyol complex, 
and ii) a solvent selected from the group consisting of water, isotonic saline, and ddute 
saline; and b) substantially solubilizing the freeze-dried salt-free (L-p- 
boro nophenylalanine)-carbohydrate or polyol complex with solvent, to provide an .so- 

15 osmotic solution. 

DESCRIPTION OF THE FIGURES 

Figure 1 shows proposed structures of p-tolylboronic acid and fructose 
complexes in aqueous alkaline solution (pD=l 1-12). 

Figure 2 shows a proposed binding conformation of carbohydrates used m the 
20 presently claimed invention (Glu = a-glucosyl; Gal = a-galactosyl). 

Figure 3 shows a proposed structure of L- P -boronophenylalanine-fructose (L-p- 
BPA-fructose) complex in water at physiological pH. 

DESCRIPTION OF THE INVENTION 

The present invention relates to composition and methods of enhancmg the 
25 solubility of boronophenylalaninc In particular, the present invention relates to 

composition and methods of making ,-boronopheny.alanine (p-BPA)-carbohydrate or 
polyol complexes as essentially salt-free or salt-free isolated solids, or as essentially 
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mvennon rCates „ L-^opta^,^^ or ^ 

other prefers embodiments, the present invention relates ,„ racemic (D ' 

boronophenylatontoe-carbohydrae or polyol complexes. 

to preferred embodiments, the ^ronopl^ylaMn, 

polyo, comply are *Hr delved i„ a ^ ^ ^ ^ , % 

is suspended. 

I. is contemplated tha, tha presently clmmed invention would „ duM „„,„ C0SB 
and nsks for the ^ to „. BpA monosaccharide ^ ^ 

■nvention removes the risk involvad to hand,in g snong acids ^ bases when prepay 
P-BPA solunon ^ a monosaccharide, or wim related carbohydrates 1 poiyols, J 

« ^ " "~ *" ^ ^ SOlU "°" ta *- ^ — — i or 
not. to addtnon, the pres an, invention „ ^ „ 

admtnratered as . intravenous mlaim ^ ^ ^ ^ ^ § 

solution, or with water. 

mJ J* d ^ P,i °" ° f *« taVe " d0 " is *H- »* <> Methods; and n> Mechamstic 
and Stmctnn, Demons of me Complexes of „. Present uvralio , ^ 
section will be discussed in turn below. 

!• Methods 

"B enriched ,-bora^henylalanina (p-BPA), wim an optical purity >99% can 
he prepared „sin s taown prooodorea «. , g ., Snydar a, < y ^ o« 80: 

[1958J; Samaal a, < in ^ » NeU ron n^y/or <w. Allen 

« < «k, Planum ^ w 251 (1992) . ^ ^ ^ ^ 

Gr„«,re Thtrapy, Mishima, ad. Planum Press, page 99 [ 19 , 6 , : Omono „ „ h 

» Mm. Cap*,* n^r A, Cunea, Allen a, a/., ads, Plennm p^ pp 
247-250 [,9,2],, or purchased co^^ (eg :> RysC0R (R2|e .^ Boro ' 

M** Inc. [Raleish, NC); Ash S,eveos [Deunit, MI]; Ka,ohcm, „d. [Caech 
Republic]). 
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p-Boronophenylalanine, water, carbohydrate or polyol and base are mixed 
together to produce a basic solution such that p-boronophenylalanine and the 
carbohydrate or polyol are substantially solubilized therein {e.g., P H of between 8 and 
10) It is not intended that p-boronophenylalanine, water, base, and the carbohydrate 
or polyol be mixed in a particular order. The ion-exchange media is then added to the 
basic solution, thereby adjusting the P H to physiological P H (eg., P H of between 7.3 
and 7 5) After adjusting the P H of the solution to physiological pH, the ion-exchange 
m edia is removed by filtration or decanting, to produce a salt-free or essentially salt- 
free solution of the p-BP A-caxbohydrate or the p-BPA-polyol complex. Freeze-drymg 
of the solution gives an essentially salt-free or salt-free p-BPA complex as a wlute 
solid (Methods for freeze-drying are well known in the art. See e.g., Flosdorf, 
Freeze-drying; drying by sublimation, Reinhold Pub. Corp., 1949; Mellor, 
Fundamentals of Freeze-drying, Academic Press, New York, 1978; and Day et al, 
^preservation and freeze-drying protocols, Methods in Molecular Biology, vol. 38, 

Humana Press, New Jersey, 1995). 

It is important that the ion-exchange media is added as the last reagent to the 
mixture of p-boronophenylalanine, base, and the carbohydrate or polyol, for successful 
solubilization. It is also important that the ion-exchange media is added carefully to 
the basic solution comprising p-BPA and the carbohydrate or polyol. The approach of 
simply running the p-BPA carbohydrate or polyol complex through an ion-exchange 
column fails due to a lack of control in the pH, resulting in the removal of all sodmm 
cations, lowering of the pH of the solution to roughly 6.5, and the precipitation of p- 
BPA To prevent the precipitation of p-BPA, small amounts of ion-exchange media 
are added to the solution, with careful monitoring of the P H of the soluUon. 

In preferred embodiments, the present invention p-boronophenylalamne is 
selected from the group consisting of racemic ( D,L)-p-boronophenylalanine and L-p- 
boronophenylalanine. 



10 



10 



15 



20 



25 



WO 00/57887 

PCT/USOO/07833 

In preferred embodiments, the ion-exchange media is an ion-exchange resin In 
pabular embodiments, the ion-exchange resin is a Dowex50WX4-50 ion-exchange 
resin. 

It is not intended that the bases used be limited to particular bases In 
preferred embodiments, the base comprises physiologically acceptable counter-ions 
and is selected from the group consisting of NaOH, KOH, CaCOH), and Mg(OH) 2 

In one embodiment, p-BPA is first suspended in water, followed by addition of 
varymg amounts of carbohydrate or polyol in conditions such that the solids 
substantially dissolve, and the pH of the resulting solution is adjusted to physiological 
PH usmg an ion-exchange media. For carbohydrates and polyols that bind strongly 
w,th p-BPA, a slight excess (4*. approximately 1.1 eq) to p-BPA is sufficient The 
slight excess is used to compensate for the slight impurities found in commercially 
avarlable carbohydrates and polyols (*,.. carbohydrate or polyol is usually supplied in 
98% punty). The slight excess also compensates for less than a 100% binding 
between p-BPA and the carbohydrate orpolyol. For carbohydrates and polyols that do 
not bind as strongly with p-BPA, up to 8 equivalents or more is necessary. 

In other embodiments, p-BPA and the carbohydrate or polyol are suspended 
together in water. One equivalent of base (4*. 0.5 M NaOH) is added dropwise to the 
suspension of p-BPA and carbohydrate or polyol, and the slurry is gently warmed until 
all the solids substantially dissolve. Additional amounts of base may be added 
dropwise if p-BPA does not dissolve completely. The pH of the solution is monitored 
and increased to a pH between 8 and 10, to produce a p-BPA-carbohydrate or p-BPA- 
polyol complex in basic solution. The pH of the basic solution is then adjusted to 
Physiological pH in the range of between 7.3 and 7.5, by the addition of an ion- 
exchange media to toe p-BPA-carbohydrate orp-BPA-polyol complex, to provide an 
essentially salt-free or salt-free p-BPA-carbohydrate or polyol complexes. 

It is also contemplated matp-boronophenylalanine be added to an ice cold 
basic solution of the carbohydrate or polyol, and the resultant solution, with a P H of 
between about 8 to 10, can be neutralized with an ion-exchange media, thereby 
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adjusting the resulting pH to physiological pH, to provide an essentially salt-free or 
salt-free p-BPA carbohydrate or polyol complexes. 

It is contemplated that the carbohydrates used for complexing p-BPA include 
monosaccharides and disaccharides. Monosaccharides can take on either a pyranose or 
furanose ring form and include, but are not limited to fructose, sorbose, ribose, 
galactose, glucose, mannose, 2-deoxygalactose, and 2-deoxyglucose. Disaccharides 
include, but are not limited to, maltulose, lactulose, palatinose, leucrose, turanose, 
lactose,' and maltose. Polyols of the present invention include, but are not limited to, 

mannitol, sorbitol, dulcitol, and xylitol. 

When complex formation is strong, as seen for fructose and sorbose, or when a 
large excess of another carbohydrate or polyol is used, all of the p-BPA remains in 
solution at a P H of 7.4, and approximately 90% of the p-BPA is present as its sodium 
carboxylate, with the remainder as its free acid. The ratio of free p-BPA to p- 
BPAxarbohydrate complex can be determined by integration of the aromatic protons 
resonances (p-BPA, 7.73 and 7.33 ppm; p-BPA-carbohydrate complex, 7.5 and 7.2 
ppm) in the 'H NMR spectrum using Dfi buffered to physiological pH as the solvent. 
A minimum of five measurements for each carbohydrate at various concentrations and 
p-BPA:carbohydrate ratios were taken, and the equilibrium constant calculated (Table 
I and Table 2). Likewise, complex formation constants for p-BPA and some polyols 
have been calculated (Table 3). 



12 



WO 00/57887 



PCT/US00/07833 



Monosacchanrfp 


lot* K^' 


Fructose 


3.2 


sorbose 


2.7 


Kibose 


1.8 


Galactose 


1.6 


Glucose 


1.4 


Mannose 


1.3 


2-Deoxygalactose 


0.6 


2-DeoxYBlnr.n<!P 


<o 



'All values were determined for L-p-BPA bv inmntb, „<• i 

spectrum (D j0> pH buffered at 7.4) ««Wm of aryl protons m the 'H NMR 



Table 2. Complex Formation Constants forp-BPA and Some Disaccharides 
Disaccharirie log Keo a 



Maltulose 3 | 

Lactulose 3 q 

Palatinose 2.6 

Leucrose j 7 

Turanose j g 

Lactose q 2 



Maltose q 2 

'All values were determined for L-o-BPA bv intern^ „r 1 

spectrum (D 2 0, P H buffered at 7 4) * ^ ° D ° f ^ P rot <™ in the 'H NMR 
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Table 3. Complex Formation Constants for p-BPA and Some Polyols 



Pnlyol 


I02 W 


Sorbitol 


3.2 


Mannitol 


2.7 


Xylitol 


2.5 


Adonitol 


1.7 


nr Threitol 


1.3 b 



*AU values were determined for L-p-BPA by integration of aryl protons in the 'H NMR 
spectrum (D,0, pH buffered at 7.4). 
b Estimated value. 



II 



Mechanistic Studies and Structural Determinations of the Complexes of 
the Present Invention 

Analysis of the ,3 C NMR spectra of the L-p-BPA-fructose complex in 
conjunction with a study on the complexation ability of disaccharides (Table 2), 
particularly those containing a fructose moiety, provides some information to the 
structure of the L-p-BPA complex, although it is not necessary to understand the 
mechanism in order to use the present invention, and it is not intended that the present 
invention be so limited. In water, fructose exists as a complex mixture of five 
isomers, in which p-D-fructopyranose predominates over p-D-fructofuranose and a-D- 
fructofuranose (See e. g , van den Berg et al, Carbohyd, Re, 253: 1 [1994]; Peimore 
et al Carbohydr. Res. 155: 206 [1986]; Schnieder et al., Liebigs Ann. Chem., p. 2443 
[1985]- Goux, W. J., J. Am. Chem. Sac. 107: 4320 [1985]). Small amounts of a-D- 
fructopyranose and D-fructoketose have also been reported (See, Norrild and Eggert, J. 
Chem. Sac. Perkin Trans 2, page 2583 [1996]). Both the a and P fiuctofuranose nngs 
have larger chemical shift values than their pyranose counterparts in the ,3 C NMR 
spectrum (Table 4) (See, van den Berg et al, supra). In the 'H and »C spectrum of 
the fructose complex with L-p-BPA in D 2 0 at pH 7.4 however, only one product was 
detected. Since the aromatic protons of L-p-BPA are shifted upfield (from 7.73 and 
7 33 ppm to 7.49 and 7.18 ppm, respectively, at P D 7.4) similar to the spectrum of L- 
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P-BPA to ataitoe soMon ,, 49 md 7 , 4 ppn] „ pQ , ft . 
bo™ alom ,s negadvely charged md teMhedraJ , ^ . ^ 
» ersland to order ,„ te presen( invo , doni _ f| is 

that the present invention be so limited. 

Based on the chemical shift value* nf th. 

sun values of the fructose complex with L-p-BPA it 

ZT !*. carbohydra,e ^ of - comp,ex -*» - 

fa* although „ , s „ ot ^ to unders^d te mechMisnl „ 
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Nomld and Eggen (Horrild and Eggert, s^). * 

Structure derenninadon for complexes 1-3 ta Figure 1 was basKi 0 „ „« 
chemical shifts ta the "c spectrum as well >< ' r „ ,• 

shift, „f , re W ° P,1 " S The chemical 
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rr rr ~** 1 - 4 ^ ^ : , 
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The strong correspondence between the NMR data obtained for the L-/7-BPA- 
fructose complex at physiological pH and one of the complexes (e.g., as observed for 
/Molylboronic acid with fructose at pD 11-12) was further investigated by a systematic 
study of the binding ability of fructose-containing disaccharides (Table 2). The lack of 
appreciable difference in binding constants for maltulose, lactulose and fructose 
suggests that the hydroxyl at C-4 is probably not essential to the ability of fructose to 
bind with L-„-BPA. However, the presence of the added 4-O-glucosyl or galactosyl 
group had no positive effect on binding either. The complete lack of binding for the 
monosaccharides methyl-a-glucopyranoside and methyl-p-galactopyranoside and 
disaccharide sucrose establishes that the anomeric center is essential for binding. 

Although it is not necessary to understand the mechanism in order to use the 
present invention, and it is not contemplated that the present invention be so limited, it 
is believed that the presence of an anomeric center plays a critical role for complex ' 
formation, since no change in the 'H NMR spectrum of L-p-BPA was observed with 
methyl-a-glucopyranoside, methyl-fj-galactopyranoside, or sucrose. It is also 
contemplated that the hydroxyl at the 3-position plays a vital role in binding, as 
demonstrated by the decrease in binding by 1.5 pK„ for both turanose and leucrose. 
While the hydroxyl at C-3 for turanose is eliminated from binding due to the presence 
of the glucosyl moiety, the C-3 hydroxyl of leucrose is also unavailable for binding 
due to a likely significant contribution from the conformation that places the glucosyl 
unit in an equatorial position, resulting in a diaxial orientation between the anomeric 
C-2 hydroxyl and C-3 hydroxyl axial. Loss in binding ability for leucrose can also be 
attributed to the fructose unit being locked in the less favored pyranose ring form. 

Furthermore, the similarity in binding ability between sorbose and palatinose, 
and a decrease of 0.5 in the pK., values of these complexes, suggest that the C-6 
hydroxyl is eliminated from binding by either the presence of a glucosyl unit (i.e., 
palatinose), or by inversion of stereochemistry at C-5 which makes binding 
geometrically unfeasible, although it is not necessary to understand the mechanism in 
order to practice the present invention, and it is not intended that the invention be so 
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limited. Thus, this decrease of 0.5 pK,, in binding likely corresponds to the additional 
stability imparted by orthoboronate formation in the case of fructose. 

The proposed binding conformation of some carbohydrates used in the 
presently claimed invention is shown in Figure 2, and a proposed complex of L-/7-BPA 
with fructose at physiological pH is shown in Figure 3, although it is not necessary to 
understand the mechanism in order to use the present invention, and it is not 
contemplated that the present invention be so limited. 



DEFINITIONS 

The term "carbohydrates" refers to compounds of carbon, hydrogen, and 
oxygen that contains the saccharose unit or its first reaction product, and in which the 
ratio of hydrogen to oxygen is the same as in water, giving molecular formulas of 
C n (H 2 0) m . They comprise: 1) monosaccharides, which refer to simple sugars that do 
not undergo hydrolysis of glycosidic bonds to give smaller sugar molecules (e.g., 
fructose and glucose); 2) disaccharides, sucrose, maltose, cellobiose, and lactose; and 
3) polysaccharides (i.e., high polymeric substances). 

As used herein, the term "polyol" refers to a polyhydric alcohol (i.e., an alcohol 
containing three or more hydroxyl groups). Those having three hydroxyl groups. («.*, 
trihydric) are glycerols; those with more than three are called sugar alcohols, with the 
general formula CH 2 OH(CHOH) n CH 2 OH. 

As used herein, the terms "D" and "L" (i.e., L-p-BPA) pertain to relative 
configurations of sugars and amino acids, based on an assumed configuration for (+)- 
glyceraldehyde. The "D" series has the same configuration as (+)-glyceraldehyde, and 
the "L" series, as (-)-glyceraldehyde. (See e.g., Wade, Jr., Organic Chemistry, pp. 383- 
384, Prentice-Hall, Inc. [1987]). A racemic mixture (D,L) contains both "D" and "L" 
configurations. 

As used herein, the term "solubility" is defined as the amount of a substance 
(i.e., solute) that dissolves in a given volume of solvent at a given temperature. 
Solubility can be measured in terms of the mass (i.e., grams) of solute that dissolves 
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per given volume or solvent, or in terms of the number of moles of solute that 
dissolves in a given volume of solution. The term "solubilizing" refers to the process 
of dissolving a substance in a given volume of solvent. 

As used herein, the term "solvent" refers to a substance capable of dissolving 
another substance (/.,, solute) to form a uniformly dispersed mixture (/.,, solution) 

As used herein, the term "solute" refers to one or more substances dissolved in 
another substance (i.e., solvent). 

As used herein, the term "solution" refers to a uniformly dispersed mixture at 
the molecular or ionic level, of one or more substances (i.,, the solute) in one or more 
substances (i.e., the solvent). 

As used herein, the terms "substantially dissolved" and "substantially 
solubilizing" refer to the extent that a solid substance (i.e., L-^borbnophenylalanine- 
carbohydrate or polyol complex) is dissolved in a liquid <*,.. water, isotonic saline or 
dilute sahne solution), such that about less than 1% of the solid remain undissolved 
and suspended in solution. 

As used herein, the term "freeze-drying" or "lyophilization" refers to a method 
of dehydration or separation of water from biological materials. The material is first 
frozen and then placed in a high vacuum so that the water (/.,, ice) vaporizes in the 
vacuum (i.e., sublimes) without melting, and the non-volatile components are left 
behind. 

As used herein, the term "filtration" and "decanting" refer to methods for 
separating the components of a mixture containing a solid and a liquid. In filtration 
the mixture is poured into a mesh, such as a filter paper, so that the liquid passes 
through and the solid is left behind. In decanting, the liquid is carefully poured out 
from the mixture. 

As used herein, the term "acid" refers to a substance that produces hydronium 
tons m solution (H 3 0*). Acids are referred to as strong or weak according to the 
concentration of H* ion that results from ionization. Examples of strong acids for use 
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in the present invention include, but are not limited to hydrochloric, sulfuric and nitric 
acid. 

As used herein, the term "base" refers to a substance that produces hydroxide 
(OH ) ions in an aqueous solution. Bases are referred to as strong or weak according 
to the concentration of hydroxyl ion that results from ionization. Examples of strong 
bases for use in the present invention include, but are not limited to sodium hydroxide, 
potassium hydroxide, magnesium hydroxide, calcium hydroxide, and ammonium 
hydroxide. 

As used herein, the term "basic solution" refers to a solution having a pH range 
of about 8-14. In preferred embodiments, the basic solution for use in the presently 
claimed invention has a pH range of 8-10. 

As used herein, the term "salt-free" refers to a solution or solid that does not 
contain the products of an acid-base neutralization reaction, such as NaCl, NaBr, 

Na,S0 4 , MgS0 4 , MgCl 2 , CaCl„ etc. 

As used herein, the term "essentially salt-free" and "essentially salt-free 
complexes" refer to complexes with 1 equivalent or less of salt (I*. NaCl) with 
respect to the complex («.,, L-^-boronophenylalanine complexes). An "essentially salt- 
free" L-p-boronophenylalanine-fructose complex" refers to the complex having less 

than 10% by weight of NaCl salt. 

As used herein, the terms "complex" or "complex compound" refer to 
compounds formed by the bonding of a central ion with a molecule called a ligand or 
complexing agent. The present invention refers to L-p-borono P hetiylalanine complexed 

with carbohydrates or polyols. 

As used herein, the term "pH" refers to a value representing the acidity or 
alkalinity of an aqueous solution, and is defined as the logarithm of the reciprocal of 
the hydrogen-ion concentration [H*] of a solution. The pH scale characterizes the 
acidity of aqueous acid-base systems, using pure water having a pH of 7, as the 
standard. The P H range of acids is from about 6.9 to 1, and the P H range of bases is 
from 7 1 to 14. Solutions that are neither acidic nor basic are "neutral," and has a P H 
of 7. The term "physiological pH" is used to refer to the pH of blood, which has a P H 
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value of between 7.3 and 7 5 The term "r>n» . ■ 

J - ine term P u ref ers to a value representing the acidity 

or alkalinity of a deuterated solution. 

As used herein, the term "equilibrium constant" or "K^," is a number that 
relates the concentrations of starting materials and products of a reversible chemical 
reaction to one another. For example, for a chemical reaction represented by the 
equation aA + bB -> cC + dD, the equilibrium constant would be K = [CD'MA'B"]. 

As used herein, the term "ion-exchange" refers to a reversible chemical reaction 
between a solid (£*, an ion exchanger) and a liquid solution (/.*., an aqueous 
solution), by means of which ions may be interchanged from one substance to another. 
The term "ion-exchange media" refers to the means by which ion-exchange can be 
performed. A preferred ion-exchange media is an ion-exchange resin, although other 
ion-exchange media are also contemplated for use in the present invention. 

As used herein, the term "ion-exchange resin" refers to resins containing active 
groups (e.g., sulfonic, carboxylic, phenol, or substituted amino groups), that are 
capable of exchanging a cation or an anion for a variety of ions brought into contact 
with the resin. An example of an ion-exchange resin for use in the present invention 
is the Dowex50WX4-50 ion exchange resin, although other ion-exchange resins 
performing similar function are also contemplated for use in the present invention. 

As used herein, the term "isotonic" refers to the property of having the same 
concentration of solutes as blood (e.g., "isotonic solution" refers to a saline solution 
having the same concentration of solutes as blood). 

As used herein, the term "iso-osmotic" refers to the property of having equal 
osmotic pressure. The term "iso-osmotic" solution refers to a solution having equal 
osmotic pressure with that of blood. 

As used herein, the term "intravenous" refers to a mode of administration of a 
substance such as a drug or a nutrient solution, within or into a vein. 



- 21 



PCT/US00/07833 

WO 00/57887 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further 
illustrate certain preferred embodiments and aspects of the present invention and are 
not to be construed as limiting the scope thereof. 

In the experimental disclosure which follows, the following abbreviates 
apply NaOH (sodium hydroxide); L-p-BPA (L-p-boronophenylalanine); B (boron); H 
(hydrogen); eq (equivalents); M (Molar); >M (micromolar); N (Normal); mol (moles); 
nunol (millimoles); umol (micromoles); nmol (nanomoles); g (grams); mg 
(milligrams); ug (micrograms); ng (nanograms); 1 or L (liters); mL (milliute«) ;»L 
(microliters); >C (degrees Centigrade); h (hour or hours); m.p. (melting pomt); NMR 
(nuclear magnetic resonance); 'H NMR (proton nuclear magnetic resonance 
spectroscopy); °C NMR (carbon-13 nuclear magnetic resonance spectroscopy); Hz 
(hertz); J (coupling constant); d (doublet); dd (doublet of doublets); s (singlet); br s 
(broad singlet); t (triplet); m (multiplet); 8 (nuclear magnetic resonance chenucal skft); 
and D 2 0 (deuterated water). 

EXAMPLE 1 

Preparation of »B enriched L-p-boronophenylalanine-D-Fructose complex 

»B enriched L-p-boronophenylalanine (0.520 g) and D-fructose (0.473 g) was 
suspended in distilled water (3 mL), and L-p-boronophenylalanine was dissolved by 
addition of 0.5 M NaOH (5.3 mL) with gentle heating. The P H of this solution . 
typically between 8.5 and 9.0. The P H of the solution is immediately lowered (wUhm 
2-3 minutes) to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion 
exchange (ff) resin with vigorous stirring. The solution is removed from the resm, 
and any L-p-boronophenylalanine that is suspended can be redissolved with gentle 
warming of the solution. The room temperature solution was then filtered through a 
0 2n filter and then freeze-dried to give sodium L-p-boronophenylalanine-D-fructose 
complex (0.934 g). The solid can be hydrated with warm water (60 solubmty 
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approximately 0.1 g/mL), md remains ^ 
(t*. 48 hrs) at room temperature. L^-boronophenylalanine-D-fructose complex- » H 
NMR (buffered at P D=7.4 with NaH^/Na.HPOJ: 8 7.49 (d, > 7 .3 Hz, 2H) 7 18 (d 
>7.3 Hz, 2H), 4.21 (br s, 1H), 4.18 (br s, 1H), 4.03-3.45 (m, 3H), 3.96 (dd, >8 8 
5.1 Hz, 1H), 3.76 (br s, 2H), 3.28 (dd, > 14.7, 5.1 Hz, 1H), 3.012 (dd, > 14 7 8 8 
Hz, 1H); »C NMR 6 177.0 (s), 150.7 (br s), 135.6 (s), 134.7 (d, 2C), 130.8 (d, 2C) 
113-5 (s), 87.6 (d), 85.0 (d), 81.6 (d), 66.1 (t, 2C), 58.8 (d), 38.9 (t). M.p. 90-93 'C. 

EXAMPLE 2 

Preparation of »>B enriched L-p-boronophenylalanine-L-Sorbose complex 

l0 B enriched L-p-boronophenylalanine (0.520 g) and sorbose (0.473 g) was 
suspended in distilled water (3 mL), and L-^-boronophenylalanine was dissolved by 
addition of 0.5 M NaOH (5.3 mL) with gentle heating. The pH of the solution is 
lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange 
(IT) resm with vigorous stirring. The solution is removed from the resin, and any L- 
^-boronophenylalanine that is suspended can be redissolved with gentle warming of the 
sohmon. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L-p-boronophenylalanine-L-sorbose complex as a 
white solid (0.970 g). L-p-boronophenylalanine-L-sorbose complex (buffered at P D=7 4 
with NaH^/Na^O,): 'H NMR 5 7.55 (d, >7.3 Hz, 2H), 7.20 (d, >7.3 Hz 2H) " 
4.29 (s, 1H), 4.09 (s, 1H), 3.95 (dd, >8.4, 4.4 Hz, 1H), 3.3.83-3.47 (m, 5H), 3 28 ' 
(dd, >14.7, 4.4 Hz, 1H), 3.02 (dd, ^14.7, 8.4 Hz, 1H); »C NMR 5 177.0 (s), 150 7 
(br s), 135.4 (s), 134.9 (d, 2C), 130.9 (d, 2C), 114.2 (s), 86.6 (d), 83.0 (d), 79.0 (d) 
66.9 (t), 62.5 (t), 58.9 (d), 39.0 (t). 
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EXAMPLE 3 

Preparation of ,0 B enriched L -p-boronophenylalanine-D-Maltulose complex 

«>B enriched L-p-boronophenylalanine (0.104 g) and D-maltulose hydrate (0.189 
g) was suspended in distilled water (1 mL), and L-p-boronophenylalanine was 
dissolved by addition of 0.5 M NaOH (1 mL) with gentle heating. The pH of the 
solution is lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion 
exchange (H + ) resin with vigorous stirring. The solution is removed from the resin, 
and any L-p-boronophenylalanine that is suspended can be redissolved with gentle 
warming of the solution. The room temperature solution was then filtered through a 
0.2u filter and then freeze-dried to give sodium L-p-boronophenylalanine-D-maltulose 
complex as a white solid (0.245 g). L-p-boronophenylalanine-D-maltulose complex 
(buffered at P D=7.4 with NaH.PO^HPOJ: l H NMR 5 7.49 (d, 7=7.6 Hz, 2H), 7.19 
(d 7=7.6 Hz, 2H), 5.23 (d, .7=4.4 Hz, IH), 4.40 (br s, IH), 4.34 (s, IH), 4.25 (s, IH), 
4 06-3.55 (m, 8H), 3.95 (dd, >8.8. 4.7 -Hz, IH), 3.56 (dd, 7=9.5, 3.7 Hz, IH), 3.42 
(dd, 7=9.5, 9.5 Hz, IH), 3.26 (dd, 7=14.7, 4.7 Hz, IH), 3.02 (dd, 7=14.7, 8.8 Hz, IH); 
»C NMR 5 177.0 (s), 150.7 (br s), 135.6 (s), 134.8 (d, 2C), 130.9 (d, 2Q, 113.6 (s), 
99.8 (d), 86.6 (d), 86.1 (d), 75.6 (d), 75.5 (d), 74.9 (d), 74.0 (d), 72.2 (d), 66.1 (t, 
2C), 63.2 (t), 58.8 (d), 38.9 (t). 
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EXAMPLE 4 

of ,0 B enriched L-p-boronophenylalanine-Uctulose complex 



<°B enriched L-p-boronophenylalanine (0.208 g) and lactulose (0.360 g) was 
suspended in distilled water (2 mL), and L-p-boronophenylalanine was dissolved by 
addition of 0.5 M NaOH (2 mL) with gentle heating. The pH of the solution .s 
lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange 
m resin with vigorous stirring. The solution is removed from the resin, and any L-p- 
boronophenylalanine that is suspended can be redissolved with gentle warming of the 
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solution. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L-p-boronophenylalanine-lactulose complex as a white 
sohd (0.499 g). L-^boronophenylaianine-lactulose complex (buffered at pD=7 4 with 
NaH^HPOJ: * NMR 5 7.48 (d, y=7.3 Hz, 2H), 7,9 (d, 7=7.3 Hz, 2H) 4 52 

15 Hz> 1HX 4-47 (s ' 1HX 4,37 (br s ' ih) - 433 (s ' ih >* ^ ^3H), 

3.86-3.50 (m, 6H), 3.52 (dddd, >9.5, 8.0, 8.0, 1.7 Hz, 1H), 3.27 (dd, M14 129Bz 
1H), 3.02 (dd, >14.7, 8.8 Hz, 1H); »C NMR 5 177.0 (s), 150.7 (br s), 135.7(s) 

20 Z^'T 9 ^ 1115 (S) ' 1015 (d)> WX 86 "° <* 78 0 ™ «■ 
2C), 73.4 (d), 71.3 (d), 66.0 (t, 2C), 63.8 (t), 58.8 (d), 39.0 (t). 

EXAMPLE 5 

Preparation of »B enriched L-p-boronophenylalanine-D-Palatinose complex 

l9 B enriched L-^boronophenylalanine (0.104 g) and D-palatinose hydrate (0 189 
g) was suspended in distilled water (1 mL), and L-^-boronophenylalanine was 
^solved by addition of 0.5 M NaOH (1 mL) with gentle heating. The pH of the 
soluuon is lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion 
exchange (H*) resin with vigorous stirring. The solution is removed from the resin 
and any L-p-boronophenylalanine that is suspended can be redissolved with gentle ' 
warmmg of the solution. The room temperature solution was then filtered through a 
0.2m filter and then freeze-dried to give sodium L-p-boronophenylalanine-D-palatinose 
complex as a white solid (0.233 g). L-p-boronophenylalanine-palatinose complex 
(buffered at P D=7.4 with Na^PO^HPOJ: 'H NMR 5 7.52 (d, >7 3 Hz 2H) 7 19 
(d, .7=7.3 Hz, 2H), 4.34 (s, 1H), 4.21-4.05 (m, 3H), 3.96 (dd, ^8.8, 4.3 Hz,'lH) ' 
3-96-3.46 (m, 9H), 3.40 (dd, M14.7, 9.5 Hz, ,H), 3.28 (dd, >,4.7, 4.3 Hz, IK), 3 02 
(dd, ^14.7, 8.8 Hz, ,H), »C NMR 5 177.0 (s), ,50.7 (br s), 135.2 (s), 134.9 (d, 2C) 
130.8 (d, 2C), 114.5 (s), 100.9 (d), 86.7 (d), 85.8 (d), 80.3 (d), 75.6 (d), 74.3 (d) 74 i 
(d), 72.1 (d), 70.5 (t), 67.1 (t), 62.9 (t), 58.8 (d), 38.9 (t). 
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EXAMPLE 6 

Preparation of ,0 B enriched L-p-boronophenylalanine-D-Sorbitol Complex 

•ofi enriched L-p-boronophenylalanine (0.104 g) and sorbitol (0.096 g) was 
suspended in distilled water (1 mL), and L-p-boronophenylalanine was dissolved by 
addition of 0.5 M NaOH (1 mL) with gentle heating. The pH of the solution is 
lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange 
(IT) resin with vigorous stirring. The solution is removed from the resin, and any L-p- 
boronophenylalanine that is suspended can be redissolved with gentle warming of the 
solution. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L-p-boronophenylalanine-D-sorbitol complex as a 
white solid (0.182 g). L-p-boronophenylalanine-D-sorbitol complex (buffered at 
pD =7 4 with NaHiPCV^HPO,): 'H NMR 5 7.51 (d, 7=7.3 Hz, 2H), 7.19 (d, 7=7.3 
Hz, 2H), 4.09 (br s, 1H), 3.95-3.42 (m, 7H), 3.93 (dd, 7=8.1, 5.1 Hz, 1H), 3.25 (dd, 
7=14.6, 5.1 Hz, 1H), 3.02 (dd, J=14.6, 8.1 Hz, 1H). 13 C NMR 8: 

EXAMPLE 7 

Preparation of 10 B enriched L-p-boronophenylalanine-D-Mannitol complex 

>°B enriched L-p-boronophenylalanine (0.104 g) and mannitol (0.096 g) was 
suspended in distilled water (1 mL), and L-p-boronophenylalanine dissolved by 
addition of 0.5 M NaOH (1 mL) with gentle heating. The pH of the solution is 
loweted to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange 
(HO resin with vigorous stirring. The solution is removed from the resin, and any L-p- 
boronophenylalanine that is suspended can be redissolved with gentle warming of the 
solution. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L-p-boronophenylalamne-D-mannitol complex as a 
white solid (0.186 g). L-p-boronophenylalanine-D-mannitol complex (buffered at 
pD =7 4 with NaH J PO/Na I HP0 4 ): 'H NMR 5 7.51 (d, J=6.6 Hz, 2H), 7.21 (d, 7=6.6 
Hz, 2H), 4.05-3.60 (m, 8H), 3.96 (dd, 7=8.4, 4.4 Hz, 1H), 3.26 (dd, 7=13.9, 4.4 Hz, 
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1H), 3.04 (dd. 7=13.8, 8.4 Hz, IH); »C NMR 5 177.0 (s), 150.7 (br s), 135 9 (s) 
135.1 (d, 2C), 131.0 (d, 2C), 78.3 (d), 74.3 (d), 73.5 (d), 71.9 (d), 66.4 (t), 65.9(0 
58.8 (d), 39.0 (t). 1 * W * 



EXAMPLE 8 

Preparation of ">B enriched L-^-boronophenylalanine-Duleitol complex 

,0 B enriched L-p-boronophenylalanine (0.104 g) and dulcitol (0.096 g) was 
suspended in water (1 mL), and L-^boronophenylalanine dissolved by addition of 0 5 
M NaOH (1 mL) with gentle heating. The pH of the solution is lowered to between 
7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange (IT) resin with 
vigorous stirring. The solution is removed from the resin, and any L-p- 
boronophenylalanine that is suspended can be redisso.ved with gentle warming of the 
solutton. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L^boronophenylalanine-dulcitol complex as a white 
*>hd (0.198 g). L-^-boronophenylalanine-dulcitol complex (buffered at pD=7 4 with 
NaHjPCyNajHPO,): * NMR 5 7.50 (d, 7=6.9 Hz, 2H), 7.19 (d, 7=6.9 Hz, 2H) 4 02- 
3^87 (m, 2H), 3.95 (dd, 7=8.4, 4.4 Hz, IH), 3.66 (br s, 6H), 3.27 (dd, 7=14.7, 4.4 Hz 
IH), 3.02 (dd, 7=14.7, 8.4 Hz, IH); »C NMR 8 177.0 (s), 150.7 (br s), 135.8 (s) 
135.1 (d, 2C), 130.9 (d, 2C), 72.8 (d), 72.1 (d), 65.9 (t), 58.8 (d), 39.0 (t). 

EXAMPLE 9 

Preparation of '°B enriched L-p-boronophenylalanine-Xylitol complex 

,0 B enriched L-^-boronophenylalanine (0.104 g) and xylitol (0.080 g) was 
suspended in distilled water (1 mL), and L-^boronophenylalanine dissolved by 
addition of 0.5 M NaOH (1 mL) with gentle heating. The pH of the solution is 
lowered to between 7.3 and 7.5 by the addition of Dowex 50WX4-50 ion exchange 
(HO resm with vigorous stirring. The solution is removed from the resin, and any L-„- 
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boronophenylalanine that is suspended can be redissolved with gentle warming of the 
solution. The room temperature solution was then filtered through a 0.2u filter and 
then freeze-dried to give sodium L-p-borono P henylalanine-xylitol complex as a white 
solid (0 168 g). L-p-boronophenylalanine-xyUtol complex (buffered at P D=7.4 with 
NaH.PO^HPO.): <H NMR 5 7.50 (d, 7=6.9 Hz, 2H), 7.19 (d, 7=6.9 Hz, 2H), 3.96 
(« 3H) 3.87 - 3.64 (m, 4H), 3.27 (dd, 7=14.7, 4.4 Hz, IH), 3.02 (dd, 7=14.7, 8.4 Hz, 
1H); »C NMR 5 177.0 (s), 150.7 (br s), 135.8 (s), 135.1 (d, 2C), 130.9 (d, 2C), 77.8 
(d), 74.6 (d), 73.4 (d), 65.8 (t), 65.3 (t), 58.8 (d), 39.0 (t). 

All publications and patents mentioned in the above specification are herein 
incorporated by reference. Various modifications and variations of the descnbed 
m ethod and system of the invention will be apparent to those skilled in the art without 
departing from the scope and spirit of the invention. Although the invention has been 
described in connection with specific preferred embodiments, it should be understood 
that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for carrying out 
the invention which are obvious to those skilled in the art of synthetic chemistry 
and/or related fields are intended to be within the scope of the following claims. 
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What is claimed is: 

1. A method of making essentially salt-free (p-boronophenylalanine) 
complexes, comprising: 

a) providing: 

0 ^-boronophenylalanine, 

ii) water, 

iii) a compound selected from the group consisting of carbohydrates 
and polyols, 

iv) a base, and 

v) an ion-exchange media; 

b) mixing said p-boronophenylalanine, said water, said compound, and said 
base, to produce a basic solution, such that said ^-boronophenylalanine 
and said compound are substantially dissolved in said basic solution- 

c) adding said ion-exchange media to said basic solution, thereby adjusung 
the pH of said basic solution to the range of between about 7.3 and 7.5, 
to produce a mixture at physiological pH; and 
removing said ion-exchange media from said mixture to produce an 
essentially salt-free (p-boronophenylalanine) complex in solution. 

The method of Claim 1, further comprising the step of: 
freeze-drying said essentially salt-free (p-boronophenylalanine) complex 
in solution, to produce a freeze-dried essentially salt-free (p- 
boronophenylalanine) complex. 

3- The method according to Claim 1, wherein said removing step 
comprises filtration. 



d) 



e) 
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4. 

decanting. 



The method of Claim 1, wherein said removing step comprises 



5. The method according to Claim 1. wherein said ion-exchange media 
comprises an ion-exchange resin. 

6 . The method according to Claim 5, wherein said ion-exchange resin is 
Dowex 50WX4-50 ion-exchange resin. 

7 The method according to Claim 1, wherein said basic solution comprises 
1 equivalent of said p-boronophenylalanine and approximately 1.1 equivalents of said 
compound. 

8 The method according to Claim 1, wherein said basic solution comprises 
1 equivalent of said p-boronophenylahuine and an excess of up to 8 equivalents of 
said compound. 

9 . The method according to Claim 1. wherein said basic solution has a pH 
of between about 8 and 10. 

10 The method aceording to Claim 1. wherein said eompound is Reeled 
from the group consisting of monosaccharides, dtaaccharides, frucrose, sorbose, rrboso, 
galactose, glnoose, mannose, 2-deoxygaUc,ose, 2-deoxygincose, maihnose, lachrloso, 
paiahnose, .eocrose, turanose, laotose, maltose, sorbitoi, manniroi, duMrol, xyhtol, 
adonitol and threitol. 

, 11. The method according to Claim 1. wherein said base is selected from 

the group consisting of NaOH, KOH, Ca(OH) 2 and Mg(OH) 2 . 



30 - 



WO 00/57887 

PCT/USOO/07833 

12. The method according to Claim 1 , wherein said />-boronophenylalanine 
is selected from the group consisting of (D,L)-p-boronophenylalanine and l-p. 
boronophenylalanine. 

13. A composition comprising an essentially salt- free (p- 
boronophenylalanine) complex synthesized using the method of Claim 1. 

14. A freeze-dried essentially salt-free p-boronophenylalanine complex 
selected from the group consisting of L-p-boronophenylalanine-D-fructose complex, L- 
/7-boronophenylalanine-D-sorbose complex, L-^-boronophenylalanine-D-maltulose 
complex, L-^-boronophenylalanine-D-lactulose complex, L-p-boronophenylalanine-D- 
palatinose complex, L-p-boronophenylalanine-D-sorbitol complex, l-p- 
boronophenylalanine-D-mannitol complex, L-^-boronophenylalanine-dulcitol complex, 
and L-/>-boronophenylalanine-xylitol complex. 

15. A method comprising the steps of: 

a) providing, in any order: 

i) a freeze-dried essentially salt-free (L-^-boronophenylalanine)- 
carbohydrate complex, and 

ii) a solvent, said solvent is selected from the group consisting of 
water, isotonic saline, and dilute saline; 

b) substantially solubilizing said freeze-dried salt-free (L-p- 
boronophenylalanine)-carbohydrate complex with said solvent, to 
provide an iso-osmotic solution. 
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16. The method of Claim 15, wherein said freeze-dried salt-free (L-p- 
boronophenylalanine)-carbohydrate complex comprises a carbohydrate selected from 
the group consisting of monosaccharides, disaccharides, fructose, sorbose, ribose, 
galactose, glucose, mannose, 2-deoxygalactose, 2-deoxyglucose, maltulose, lactulose, 
palatinose, leucrose, turanose, lactose and maltose. 

17. The method of Claim 15, wherein said iso-osmotic solution is suitable 
for intravenous use. 

18. A method comprising the steps of: 

a) providing, in any order: 

i) a freeze-dried essentially salt-free (L-p-boronophenylalanine)- 

polyol complex, and 

ii) a solvent, said solvent is selected from the group consisting of 
water, isotonic saline, and dilute saline; 

b) substantially solubilizing said freeze-dried salt-free (L-p- 
boronophenylalanine)-polyol complex with said solvent, to provide an 

iso-osmotic solution. 



19. The 
for intravenous use. 



method of Claim 18, wherein said iso-osmotic solution is suitable 



20. The method of Claim 18, wherein said essentially freeze-dried salt-free 
( L -p-boronophenylalanine)-polyol complex comprises polyol selected from the group 
consisting of sorbitol, mannitol, dulcitol, xylitol, adonitol and threitol. 



-32- 



WO 00/57887 



PCT/USOO/07833 




1/3 



WO 00/57887 



PCT/USOO/07833 



FIGURE 2 
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FIGURE 3 
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